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(57) Abstract 

A temperature control device com- 
prises a heater block (20) that is formed from 
a continuous layer of metal that is heated by 
conduction by a heater element (22) in ther- 
mal contact with the block, and cooled by a 
fan (50) under the block. The upper surface 
of the block may have flat areas to accom- 
modate samples on microscope slides or 
have recesses (21) to hold samples in small 
test tubes. 
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Reaction Temperature Control Device 



The present invention relates to temperature control 
5 devices, and in particular to devices for controlling 
the temperature of substances undergoing chemical 
reaction. 

Many chemical reactions, in particular biochemical 
10 reactions, require the temperature of the reacting 
mixture to be controlled within close limits during the 
reaction to ensure the requisite yield and purity of 
product. It may also be necessary to vary the reaction 
temperature according to a predetermined temperature 
15 profile during the reaction. Two particular types of 
reaction that require close, variable temperature 
control are polymerase chain reactions (PGR) and 
Ligase chain reactions (LCR) . In the case of the 

latter heating at a set temperature lasts for only 5-10 
20 seconds before a new heating temperature must be 
selected. Such stringent criteria require the 

temperature control device to be able to heat and cool 
the reaction mixture very quickly and very accurately* 

25 Such a temperature control device is described in 
International Patent Application No. WO/PCT/GB89/00323 
(DEAN and EVANS) . This Application discloses a device 
for controlling the temperature of a plurality of 
samples of a reacting mixture, comprising a heater 

30 block for receiving said samples, means for heating the 
block, means for cooling the block by forced 
convection, and temperature sensing means to monitor 
the temperature of one or more samples and signal a 
controller which controls the means for heating and the 

35 means for cooling to regulate the sample temperature. 



wo 93/09486 



2 



PCr/GB92/01996 



15 



The block is heated by a quartz-halogen lamp directly 
below the block which gives out radiant heat. Thxs is 
directional and because of this the heating of the 
block is not always uniform. This can result in hot 
spots and limits the number of samples the device can 
Hold. 

Accordingly, a first aspect of the invention provides a 
device for controlling the temperature of a plurality 
of samples of a reacting mixture, comprising a heater 
block for receiving said samples, means for heating the 
block, means for cooling the block by forced 
convection, and temperature sensing means to monitor 
the temperature of one or more samples and signal a 
controller which controls the means for heating and the 
means for cooling to regulate the sample temperature, 
characterised in that the means for heating the block 
comprise one or more heater elements positioned m 
thermal contact with the block so that heat transfer 
between the element(s) and the block is substantially 
by conduction. 

This provides even heating of the samples. 

The known device is cooled by a fan under the block. 
The location of the lamp means that the fan must be 
positioned to one side of the block. This causes 
uneven cooling of the test tubes. 

30 in a preferred arrangement of the first aspect of the 
invention, the means for cooling the block by forced 
convection comprises a fan that is positioned under the 
centre of the block. 

35 such symmetrical positioning ensures even cooling of 



25 
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the samples. 

In the known device the block is made from a drilled 
sheet of copper in which copper tubes are soldered. 
5 This makes the block difficult and expensive to 
construct. Furthermore the soldered joints can disrupt 
heat conduction. 

preferably, in the first aspect of the invention the 
10 block is made of solid metal. 

This further ensures even heat distribution. The block 
can be easily made by electrof orming . 

15 The known device uses thermocouples which limits the 
accuracy of the temperature control and necessitates 
periodic recalibration of the controller - 

Preferably, in the first aspect of the invention the 
20 temperature sensing means comprises one or more 
thermistors . 

in order that the invention and its various other 
features may be understood more easily, 
25 embodiments thereof will now be described by way of 
example only, with reference to the drawings, wherein :- 

Fig.l is a vertical section through a control device 
according to a first embodiment of the present 
30 invention; 

Fig. 2 is a horizontal section through a part of the 
heater block comprising part of the first embodiment; 
and 



35 
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Fig. 3 is a vertical section through a second 
einJjodiment of the invention. 

The device comprises a casing 10, a rectangular heater 
5 Tol lo, a heater bloCc support 40, a fan =0, and a 
collar - The device further comprises a controller 
::d temperature sensing means which are not show> in 
the drawings. 

>.i«r^v ?o is electroformed and comprises a 
10 The heater block 20 xs el contains 
single continuous layer of silver. The dxo 
ninlty six recesses 21 into which sxaall test tubes (not 
^ho^^ in drawings) containing the reactant mixture, are 
i'^ted. The recesses form projections on t^e 
of^ the block. The arrangement of the 
15 underneath of ^ standard size ninety 

recesses conforms with that of a s«n 
six well microtitre dish (126 mm x 86 mm nominal) . 

The heater block 20 is heated by a serpentine electric 
20 element 22 that extends between the recesses. The 
!illnt winds back and forth along the rows of recesses 
fr The element 22 is formed from a sheathed 



21. 
conductor 



25 The underside of the heater flocK 20 is cooled by a fan 
50? The outlet 51 Of the fan is directed towards the 
centre underneath the heater block. 

The heater block 20 is supported by the ^^^r j^lo^i. 
30 support .0 Which is Plastic and which is supported by 
the casing 10. The plastic collar 60 forms part of and 
hangs from the support 40. 

The device is controlled by a controller that is 
35 responsive to two thermistor units placed one .n 
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thermal contact with the recesses 21 underneath the 
block, and another in a, dummy test tube within a 
recess . 

5 The device, particularly the support 40 and collar 60, 
is configured to provide an even airflow over the base 
of the heater block 20, to ensure uniform cooling of 
the samples. The airflow path is indicated by arrows 
in Fig.l- Louvres 11 are provided in the casing 10 to 
10 allow hot air to escape, 

The device is particularly suited to undertaking 
biochemical reactions. The reactant samples are 
contained in polypropylene sample txibes which each 

15 contain a sample of about 100 microtitres. The tubes 
are inserted into the recesses and can be filled in 
situ using a multiheaded pipette. The device can 
achieve block heating and cooling rates of 3°C/sec and 
2°C/sec respectively, which correspond to a sample 

20 heating or cooling rate of 1.2°C/sec- 

The degree of control of the device allows it to 
perform ligase chain reactions. 

25 The sample tubes can be made in glass. This enhances 
heat transfer to the samples. 

The sample tubes can be replaced with sealed 0.5 
microlitre microfuge tubes. As these are larger than 
30 the standard sample tubes, only every other recess is 
used. 

The device shown in Fig. 3 is for heating samples that 
are held on microscope slides. Each sample is held 
35 between a slide 70 and a cover 71. 
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^^tnnrlses two heater blocks 80, each 
The device comprxses two , 4.Ha-»- is 

a continuous sheet of metal 81 that xs 
comprxsxng a continiAi-'"=> v,^r a 

^ ^ a casing 84 and that is overlaxd by a 
supported by a casxng ^^^^ 

serpentine electric element 82. A rx 

• lies over each element and it xs on thxs 

5 alumxnxum 83 ixes over 

that the slides 70 lie. 

The Slides 70 are covered by a housing 90 that is used 
r place samples on .the blocks 80 for ^-txng and 
,0 rLove them after heating. The housing -^P--^ J^f^ 
support members 91 that engage the ends of the slxdes 
;^en the housing is lifted. The edge support members 
lef ine two rectangular apertures in plan vxew whxch 

::reach support a number of — --37thrc: 
contains locating means (not shown xn Fxg.3) whxch 
ensure the slides are kept in a regular arrangement and 
ensure iin structure of the housxng xs 

do not move about. The ST:ruuu The 
completed by a lid .e^er 92 .aving a support 93- The 
Whole structure for^s a humidity chamber when the l.d 
20 member 91 is in place. 

TO use the device the operator first loads the housing 
90 Whilst it is removed from the frame 84. X number 
Z housings can be loaded in preparation for sample 
25 heating. As the housing is lowered over the devxce 
" ^^f slides 70 become supported on the aluminium sheets 
83. The housing is further lowered untxl the lid 
member 92 rests on the edge of the casxng 84 in the 
position Shown in Fig- 3. The samples are «>en Seated 
30 in the required manner. When heating xs completed the 
housing is lifted away from the casing and the slxdes 
70 removed. 



In both embodiments of the invention the type of 
heating element 22 can be varied. A plurality of 

elements can replace the serpentine element. A woven 
conductive cloth can be incorporated in the heater 
block. 

A number of modifications can be made to the devices 
described. A number of devices can be incorporated 
into a single unit for dealing with a larger number of 
samples. In a particular embodiment a single unit 
incorporates four heating blocks of the type described. 
All four blocks are controlled by a single controller 
but measurements are only taken from a single heating 
block as representative of all the blocks. Such a unit 
is only workable because of the high degree of 
uniformity achievable in the heating of each block. 

The devices have many advantages over known devices. 
In particular, the temperature of different samples at 
different positions cross the heater block 20 have a 
high degree of uniformity. The effect of this is to 
improve the uniformity of product from the sample 
tubes. This in turn allows more samples to be 
accommodated in a single heater block (ninety six 
compared with seventy two in the cited prior device). 
This also reduces the energy consumption of the device. 

The uniformity of heating to the sample tubes is also 
enhanced by making the heater block in silver, which 
has a high thermal conductivity, and by employing a 
jointless construction. The use of a solid silver 
block rather than a soldered copper block enhances heat 
transfer through the block. By eliminating the 
difficult soldering operations the cost of the block is 
reduced . 
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incorporating the heating means into the heater hlocR, 
rather than using a radiant heater, allows the fan to 
t>e positioned under the centre of the bloc]. Th.s 
results in an even airflow pattern over all parts of 
the Woclc. The configuration of the airflow path 
eliminates dead spots where the cooling effect would be 
reduced. 

The use of thermistors for temperature sensing rather 
than thermocouples increases the accuracy of operation 
and eliminates the need to periodically recalibrate the 
controller . 



WO 93/09486 



9 



PCT/GB92/01996 



CLAIMS 

1. A device for controlling the temperature of a 
plurality of samples of a reacting mixture, comprising 

5 a heater block (20) for receiving said samples, means 
for heating the block, means (50) for cooling the block 
by forced convection, and temperature sensing means to 
monitor the temperature of one or more samples and 
signal a controller which controls the means for 

10 heating and the means for cooling to regulate the 
sample temperature, characterised in that the means for 
heating the block comprise one or more heater elements 
(22) positioned in thermal contact with the block so 
that heat transfer between the element (s) and the 

15 block is substantially by conduction. 

2. A device according to claim 1, wherein the means 
for cooling the block (20) by forced convection 
comprises a fan (50) that is positioned under the 

20 centre of the block, 

3 . A device according to claims 1 or 2 , wherein the 
block (20) is made of solid metal - 

25 4. A device according to any preceding claim, wherein 
the temperature sensing means comprise one or more 
thermistors. 

5, A device according to any preceding claim, wherein 
30 the means for heating the block (20) comprises one or 
more elongate heating elements (22) following a sinuous 
path . 



35 



6 . A device according to any of claims 3 to 5 , 
wherein the block (20) is silver. 
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30 



7 A device according to any preceding claim, wherein 
the heater block (20) contains a plurality of recesses 



7. 

til 
(21) 

8. 



s A device according to claim 7 , wherein the samples 
are contained in reaction vessels which are placed in 
the recesses. 

^A^^ -hr^ r-iaims 7 or 8, wherein the 

9 A device according to cxaims / / 

10 device can heat or cool a 100 microlitre --P^^ 

biological reactant material at a rate of 1.2 C/second. 

10 A device according to any of claims 7 to 9, 
wherein the device allows ligase chain reaction to be 

15 undertaken in the samples. 

11 A device according to any of claims 1 to 6, 
Wherein the top of the heater block has a flat area for 
receiving the samples. 

^° 12. A device according to claim 11, wherein the 
samples are held on microscope slides. 

device for controlling the temperature of a 



13 • A utsvj-^^c- y-w^ - ^ ^ 

plurality of samples of a reacting mixture, comprising 
a heater block (20) having a plurality of recesses (21) 
for receiving said samples, a heater element (22) in 
thermal contact with the block, means (50) for cooling 
the block by forced convection, and temperature sensing 
means to monitor the temperature of one or more of said 
samples and signal a controller which controls the 
heater element and the forced convection means to 
regulate the sample temperature, characterised m that 
the heater block comprises a continuous layer of metal. 
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FIG.1 
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FIG. 2 
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